ABSTRACT This study was conducted to determine the effects of refrigeration and frozen storage on tibia breaking strength (kg/g) and tibia ash (%) in bones obtained from hens of different ages. A total of 75 Single Comb White Leghorn hens were divided into three equal groups according to age (72, 80, and 92 wk of age). Both tibias of each hen were harvested and immediately defleshed. The tibias from each hen were randomly assigned to either 1 d of refrigeration or 7 d of frozen storage. Tibia breaking strengths were determined using an Instron Universal Testing Machine with 50-kg-load cell at 50-kgload range with a crosshead speed of 50 mm/min. Tibia
INTRODUCTION
Changes in medullary bone during laying cycles have been investigated in avian species (Bloom et al., 1958; Candlish, 1971) . Medullary bone is the storage site for the calcium necessary for egg shell calcification (Mueller et al., 1964) . Dietary calcium depletion of laying hens causes a decrease in the amount in bone and an increase in the osteoid (Bloom et al., 1958; Zambonin Zallone and Teti, 1981) . Bone measurements such as bone breaking force (Crenshaw et al., 1981; Merkley, 1981; Ruff and Hughes, 1985) , bone ash (Garlich et al., 1982) , bone ash concentration (Cheng and Coon, 1990; Garlich et al., 1982) , bone mineral content (Akpe et al., 1987) , and bone density (Watkins and Southern, 1992) have been used as indicators of bone status in the mineral nutrition of poultry and swine.
When large numbers of animals are involved, the logistics for immediately processing bone samples for measuring bone breakage and other parameters becomes difficult. Therefore, an effective procedure is needed to be able to preserve and stabilize bone mineralization in the To whom correspondence should be addressed: sricke@poultry. tamu.edu. 1688 ash weights were determined by ashing for 24 h at 615°C. Bone breaking strength in 72 wk of age hens was significantly (P < 0.05) higher in refrigerated tibias (2.48 kg/g) than those in frozen storage (1.75 kg/g). However, there was no difference (P > 0.05) for bone ash (percentage of tibia ash) in all three groups between refrigerated storage (72 wk: 38.840%, 80 wk: 46.40%, 92 wk: 46.99%) and frozen storage (72 wk: 39.12%, 80 wk: 44.88%, 92 wk: 45.35%). This study indicated that frozen storage only influenced assessment of bone strength in 72-wk-old laying hens but could be used for sample storage of bones from older hens. medullary bone of mature hens when a large quantity of medullary bone cannot be processed at the same time. Researchers may want to use refrigerated storage as a method of preservation. However, it is not known whether the preservation method could influence estimation of bone mineralization or bone strength. Therefore, the objective of the current study was to compare the refrigerated and frozen storage among bone breaking strength and bone ash for tibias from pre or postmolt laying hens.
MATERIALS AND METHODS

General Procedures
A total of 75 Single Comb White Leghorn hens were used in this study. These hens were divided into 3 groups of 25 hens: 72 wk (in the first laying cycle), 80 wk (immediately following the molting process), and 92 wk (in the second laying cycle) of age. After molting (as described in the next section), hens were maintained under an artificial lighting program of 16L:8D and were provided access ad libitum to a complete layer ration and water via nipple drinkers that prevented cross-contamination of water and feed. Hens were euthanized by cervical dislocation. The right or left tibia of each of hen was randomly chosen from each bird, excised from the fresh carcass, and defleshed without boiling. The tibias were individually sealed in 4-oz (113.4 g) plastic bags 2 to minimize moisture loss. The sample bags were placed into a plastic container and stored in a 4°C walk-in cooler for 1 d or a −20°C walkin freezer for 7 d. The tibias were dried at 105°C for 24 h and placed in a desiccator, and bone weight was recorded. Tibia breaking strengths (breaking force divided by bone weight expressed as kilograms per gram) were measured using an Instror 3 with 50-kg-load cell at 50-kg-load range with a crosshead speed of 50 mm/min with tibia supported on a 3.35-cm span (Shafer et al., 2001 ). Moisturefree tibia ash was determined by ashing in tared ceramic crucibles for 24 h at 615°C. The percentage of tibia ash was calculated by dividing tibia ash weights by tibia dry weight and multiplying by 100 (Al-Batshan et al., 1994) .
Molting Procedure
Laying hens were housed two per cage for the molting procedure. The hens were assigned to each of four treatment groups: Zn acetate (1% of Zn added to layer ration) diet, Zn propionate (1% of Zn added to layer ration) diet, poultry layer ration (nonmolted control), and feed withdrawal (control). All birds were allowed ad libitum access to water and their respective diets. Hens were placed on an artificial lighting program of 8L:16D prior to molting. Treatments were placed throughout the house to ensure there was no variability in egg production or reproductive tract regression due to light stimulation.
During the molt procedure, hen weights were monitored at d 1, 3, 5, 7, and 9. In accordance with Texas A&M University Lab Animal Care Committee (ULACC) animal use protocols, any hen reaching 25% weight loss prior to the end of the trial (d 9) was removed from her respective diet and placed back on a complete layer ration. Data were not collected from these hens.
Statistical Analyses
Data were analyzed using a t-test in the SAS software. 4 All statistical analyses were considered significantly different at P < 0.05.
RESULTS AND DISCUSSION
Hens at 72, 80, and 92 wk of age were chosen in this experiment because 72-wk-old hens were at the end of the laying cycle, 80-wk-age hens were immediately following the molting process, and 92-wk-old hens were in the second laying cycle. Therefore, this grouping allowed for determination of whether or not two different preservation methods (refrigerated versus frozen storage) could influence bone breakage or ash values from hens processed in different production cycles. When breaking strengths of the tibias held in refrigerated storage were compared to those of tibias held in frozen storage, values from 72-wk-old hens were (P < 0.05) stronger than those obtained from tibias held in refrigerated storage ( Figure. 1) . The average of breaking strengths in refrigerated and frozen storage was 2.484 and 1.745 kg/g, respectively. However, postmolt hens at 80 or 92 wk of age did not (P > 0.05) exhibit different breaking strengths of tibias between refrigerated and frozen storage. When percentage bone ash of the tibias in refrigerated storage was compared to that of the frozen storage hens, all three groups of hens were not (P > 0.05) different between refrigerated and frozen storage ( Figure  2 ). The averages of percentage bone ash between refrigerated and frozen storage for 72, 80, and 92 wk were 38.84 (refrigerated) and 39.12% (frozen), 46.40 (refrigerated) and 44.88% (frozen), and 46.99 (refrigerated) and 45.35% (frozen), respectively (Figure 2) .
According to Al-Batshan et al. (1994) , femur ash decreases from 50.8 (37 wk) to 47.6% (58 wk) and then increases to 49% after molt (72 wk). Garlich et al. (1984) also reported that femur weight of laying hens decreases from 4.58 g (67 wk in the first laying cycle) to 4.18 (77 wk at molt) and then increases 4.37 g (83 wk in the second laying cycle). Although we did not statistically compare the breaking strength and bone ash of tibia obtained from different laying cycles of hens in refrigerated storage, breaking strength decreased from 2.48 (72 wk in the first laying cycle) to 1.97 (80 wk at molt) and then slightly increased 2.07 kg/g after molting (92 wk in the second laying cycle). Bone ash was increased from 38.84 (72 wk in the first laying cycle) to 46.40 (80 wk at molt) and then slightly increased 46.99% after molting (92 wk in the second laying cycle). The breaking strength in the current study showed same trend as in a study by Garlich et al. (1984) . Moreover, Lott et al. (1980) reported that breaking strength of fresh tibia was not different from that of frozen tibia obtained from 4-wk-old chicks. The breaking strengths of fresh and frozen tibias were 21.62 and 21.71 kg, respectively. Bone mineral content and density were not influenced by processing method, and fresh tibias were sheared only 4% more force than dry fat-free tibias by Orban et al. (1991) .
In the current study, the processing methods were somewhat different from many studies. Before the tibias were stored at 4 or −20°C, the fresh meat was cut from the bone, and muscle residual was removed by scraping with a knife. This method efficiently removed the muscle from tibias without boiling and may reduce the cell damage cased by boiling. Therefore, this method may save processing time and may minimize the impact of sample preparation on tibia breaking strength. The typical method that removes the flesh by boiling may influence breaking strength because the tibia may absorb some water and cause cell damage due to boiling. The two storage methods used for moisture-free tibias did not produce significantly different amounts of bone ash. Therefore, the bone ash content was not affected by frozen storage. Because this study only focused on preservation methods (refrigerated versus frozen), all three groups of hens were maintained under similar conditions including feeding with poultry layer ration and caging. All tibias were moisture-free. In this study, it was determined that tibia breaking strength was influenced by frozen storage, but FIGURE 2. Effect of storage conditions on percentage bone ash (tibia ash weights divided by tibia dry weight and multiplying by 100) of tibia obtained from hens of different ages. Values were not significantly different (P > 0.05). n = 25 per treatment group. tibia ash was not. A reduction of approximately 30% in bone strength for 72-wk-old laying hens was affected by frozen storage. This reduction of bone strength in those hens could be the result of cell damage by frozen storage. Therefore, the frozen method could be used for sample storage of bones from older postmolt hens.
